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Abbas et al: Cellular and Molecular Immunologa, 7e. 



Apoptosis 
(activation-induced 
celi death) 




T celi anergy: molecular bases 





PROXIMAL 
EVENTS: 

- Reduced tyrosine 
phosphorylation 

- Reduced Ca ++ influx 



NUCLEAR EVENTS: 
- no induction of NFmB 
JNK activities 



T celi anergy: early events 



Normal T-cell activation 



Lipid raft 
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T celi anergy 

Multiple mechanisms demonstrated 
in different experimental systems 

No clear evidence that naturai self 
antigens induce T celi anergy 
(especially in humans) 

Therapeutic potential: can we 
administer antigens in ways that 
induce T-cell anergy? 



T celi anergy 



Antigen recognition 
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CTLA4 and immune tolerance 

• Naturai Tregs constitutively express CTLA4 

• CTLA4 deficiency results in fatai autoimmune 
prol iterative disease 

• Blocking anti-CTLA4 antibodies induce 
autoimmunity 

• CTLA4 polymorphism is associated with various 
autoimmune diseases (e.g., diabetes, thyroid 
diseases and Addison's disease) 



La capacità di essere tolerogenica non 
è ristretta ad un sottotipo di DC o alla 
condizione di immaturità ma è una 
proprietà funzionale delle DCs 

"Profilo" della DC tolerogenica 

i espressione costitutiva di MHC e CD80/CD86 

i IL-12, t IL-10 e indoleamine 2,3 dioxygenase (IDO) 

Resistenza alla maturazione in risposta a "danger signals" 

Capacità di generare, selezionare ed espandere popolazioni di T-regs 

Capacità di rispondere a cellule T-regs aumentando l'espressione di 
molecole inibitorie (IDO, IL-10) 



Progammed death (PD) receptor/ligand and celi 
activation inhibition 



Antigen- 
presenting 



— YY— CTLA-4 (CD152)-» Inhit 



-PD-L1-»lnhibitio 



pathways in the B7:CD:s family. Rect 



B7-1:PD-L1 interactio 
andB7-l productively 

interaction* that can occur on T cells and APCs 
not only deliver signals when ligated, but may al; 
identified receptors (PD-1, CD28, CTLA-4). IgV-like regioni 



inhibitory signals. The 
partners increases our understanding nf the 
the possibili!} that PD-L 1 :B7- 1 binding ni: 

H-L'I'CJU' l'Uhllll- .iM.ÌY libili 1mU-.1v 

ld IgC-like regio: 



Tissue-restricted tolerance - chronic infections ( clonai exhaustiorQ - cancer 



ICD40 

I CD80/86 (B7) 
MHC-II 



t CD40 
T CD80/86 
t MHC-II 



DC immatura 



• Prodotti microbici (= sostanze 
riconosciute dai TLR (LPS, CpG 
demetilati, RNA a doppio filamento, etc.) 

• Prodotti di cellule necrotiche 
(HSPs+Ag extracellulari) 



;cr7r j .*•* 

% 

DC matura 

1 

Attivazione T 



Risposta ad Ag estranei 
(microbici) 




Risposta ad Ag self 



1) DC immature o tolerogeniche 



Perché gli Ag self ma non quelli microbici 
inducono DC tolerogeniche ? 

gli Ag self non interagiscono con recettori per "pattern recognition" 
(es. TLR) e non stimolano l'espressione di molecole co-stimolatorie -> 
interaz. DC-T = anergia 

solo cellule necrotiche (es. infezioni, etc.) ma non apoptotiche (es. 
turnover, etc.) rilasciano "danger signals" (es. HSP, prodotti 
mitocondriali) che attivano DC 
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"Activation-induced celi death": death of mature 
T cells upon recognition of self antigens 



Immune response: 
expression of 
anti-apoptotic 

(survival) proteins 




Self antigen 
recognition: 
induction of 
pro-apoptotic 
proteins (e.g. Bim) 



] 



Self antigen 
recognition: 
engagement of 
death receptors 



Repeated stimulations 




Expression , 
Fas and FasL 

tular Immunologa Updated 6th Editlor 
Copyright ® 7009 by Saunders, an imprint of Elsevier, Inc. Ali rights 



Botti pathways cooperate to prevent reactions against self 



Morphological and molecular features of 
Apoptosis 



NORMALE 




Fosfatidilserina 




Mechanism of Fas Ligand-induced death 



Fas ligand (FasL) binds to 
Fas. Both are present at celi 
surfaces as homotrimers. 



Binding of FasL causes 
a conformational change in 
Fas, which then binds death 
domain- containing 
adaptor proteins 




The adaptor proteins recruit 
and adivate caspase 8, 
which cleaves caspase 3 




Activated caspase 3 cleaves 
I-CAD, the inhibitor of CAD, 
which is released to enter 
the nucleus and cleave DNA 



e» 




Figure 6-24 Immunobiology, 6/e. (© Garland Science 2005) 

CAD= Caspase Activated DNAse 



Defects in the regulation or self-limits of immune reactions 



These proteins are associateci with limiting T celi responses 



Protein 
Fas 

CTLA4 

TGFb 

IL10 



Expressed bv 
Activated T cells 



Activated T cells 
Regulatory T cells 

Various, including 
Regulatory T cells 

Th2 cells 
Regulatory T cells 



Phenotype of knockout 

Lymphoproliferation and 
autoimmunity 

Lymphoproliferation, 
autoimmunity, death 

Massive inflammation 
death 

Inflammatory bowel 
disease 
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Along with its role in celi killing, FasL is important in eliminating activated T cells 




b FasL-mediated autocrine celi suicide 
or juxtacrine fratricide 



T cells 




Fas ligand (FasL)-mediated apoptosis during inflammation 

Expert Reviews in Molecular Medicine©2001 Cambridge University Press 




Fas and FasL deficient mice 



•Both types of mice have an identical phenotype 

•Lupus erythematosus 
•Antinuclear antibodies (histone, dsDNA) 
•Immune complex disease 
•Glomerulonephritis (kidney inflammation) 
•Skin disease 

•Proteinuria (leakage of protein into urine) 
•Massive T celi accumulation (spleen and lymph nodes) 



FasL expression may play a role in "immune privilege" 



a Immune- privi leged site 
e g. eye or reproductrve organs 




Fas%» 

Activated 

inflammatory . "~ 
Tce)l v 




FasL expression in 
brain, eye, placenta, 
and reproductive 
organs is believed to 
contribute to 
immunological 
privilege. 

Aberrant FasL 
expression may also 
be an adaptation of 
tumors to evade 
immune surveillance. 



The role of Fas ligand (FasL) in immune privilege 
Expert Reviews in Molecular Medicine©200t Cambridge University Pfi 



Siti privilegiati 



• Occhio 

• Testicolo 

• Placenta 



Espressione 
di FasL 



Eliminazione di 
linfociti T attivati 
(Fas+) 




Assenza di HLA convenzionali, 

presente SOlO HLA-G (tolerogeno, 
forme solubili si legano a recettori linfocitari 
che inibiscono l'attivazione) 

Il trofoblasto esprime IDO* (cataboiizza 

Trp, essenziale per linfociti T) 



( Indolamina 2,3 diossigenasi) 



SEB = enterotossina B 
dello Stafilococco 

TSST = tossina dello 
shock tossico dello 
Staffilococco 



I su perantigeni batterici collegano a ponte 
la regione V della catena p* del T CR 
con la catena a del! M HC di classe II 



Superantigeni 
batterici 

es SE, TSST-1 



cellula che presenta 
l'antigene 



MHC di 
classe II 




Superantigeni 
virali 



EBV, virus della 
rabbia 



cellula che presenta 
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Regulatory T cells 




Thymic ("naturai") regulatory T cells 
(Treg) 



• Development requires recognition of self 
antigen during T celi maturation 

• Reside in peripheral tissues to prevent 
harmful reactions against self 



Naturai T regulatory lymphocytes (CD4 + CD25 + ) mature in thymus 



A Normal mice |"ì * — 7 


Celi jd^, \ 


B 

Mother of IPEX patient 


C 


V K L\ T :v. 






.T.e fl .' 
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*T*(| ■ 


Normal 
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- • . i Graft 






















Treg enrichment 











Figure 1. Effects of Treg Deficiency in Mice and Humans 

(A) T celi suspensions prepared from normal mice can be depleted of CD25"CD4" regulatory T cells (Treg) and transferred to syngeneic T cell-deficient mice 
(such as athymic nude mice). The recipient mice spontaneously develop autoimmune disease and inflammatory bowel disease and reject tumor cells- By con- 
trast. when CD25-CD4- Tregs are enriched from normal mice and transferred, the recipient nude mice accept allogeneic skin grafts. 

(B) Male children are afflicted with IPEX (immune dysregulation. polyendocrinopathy, enteropathy. X-linked syndrome). Mothers bear heterozygous defects of 
the FOXP3 gene and either have reduced numbers of normal Tregs or are mosaic for normal Tregs and functionally detective Tregs because of random inactiva- 
tion of the X chromosome. Blue- and yellow-colored circles indicate intact Tregs and effector T cells (Teff), respectively. Dotted circles indicate dysfunctional 
Tregs (or the absence of Tregs). 

(C) The normal thymus produces Foxp3-expressing naturai Tregs. Tregs mainly suppress the development of effector T cells from naive T cells. 



PEX immunodysregulation polyendocrinopathy enteropathy X-linked syndrorm 



Rare genetic autoimmune disease due to mutation of FOXP3gene 

Key molecular factor driving T celi tolerance (CD4 + 25 + regulatory T cells) 



Enteropathy 



Endocrinophaties 
ElevatedlgE 



Renai 
Hepatic 

Lymphadenopathy 
Arthritis/ Vasculitis 
Autoantibodies 



BASIC Clinical & Laboratory Features: 

■/ Watery diarrhea (rarely bloody) with villous atrophy at the biopsy 
v- Inflammatory bowel disease 
■/ Eczema 

V Erythroderma 

■/ Psoriasiform dermatitis 

V Alopecia 

■/ Type I diabetes 

■/ Thyroid abnormalities 

Mainly present 

Other Clinical & Laboratory Features: 

•f Coombs (+) hemolytic anemia, 
/ Autoimmune thrombocytopenia 



Nephrosis or Nephritis 
Autoimmune hepatitis 

May be present : 

✓ AIE-75 (Ab against gut and kidney specific antigen) 
/ ANA 

/ Organ specific autoantibodies (thyroid, pancreatic islets, erythrocytes, 
platelets, smooth muscle) 



2. 



T regulatory lymphocytes (T ): naturai and inducible 




T-bet 
Runx3 

IFN-y, IL-2 

Autoimmune disease 
Anti-tumor immunity 



IL-4, 5, 10, 13 

Parasite infection 
Allergy 
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TABLE 14-1 Phenotypic Characteristics of Re 


gulatorv T Lymphocytes 








Regulatory T Cells 


Naive T Cells 


Ettector and Memory T Cells 




Surface markers 


CD25 high 

CTLA-4 

GITR 

CD127 (IL-7R </ chain) lo» 


CD2S 

CDI27IIL-7Rt«)high 


CD25 high or medium 

CD127 (IL-7R«I low on effector cel 


s, high on memory cells 


Cylokines produced on 
activation 


TGF-p. IL-10 


IL-2 


Different subsets of effector and m 
IFN-y, IL-4 and IL-5. IL-17, others 
CXCR3, others 


emory cells produce 


Chemokine receptors 


CCR6 


CCR7 


CXCR3. others 




Growth factor requiremenl 


IL-2 


IL-7 


Effector cells: IL-2. IL-4 
Memory cells: IL-7 




Maior transcription faclors 
expressed 


FoxP3. STAT5 


KLF-Z absence of 
transcription factors 
specitic for effector cel 


In different effector celi subsets: T 
and vartous STATs 
s Some memory cells: BLIMP-1 


bet, GATA-3, ROB*. 











■ 


CD4 + CD25 + naturai T reg 


Tri 


Th3 | 


Markers 








CD25 








GITR 








CTLA-4 








CD122 








CD127 








FoxP3 








Cytokine secretion 








IL-10 


+/- 




+/- 


TGF-p 


+ (membrane) 






IL-4 






+/- 


IL-2 




+/- 




IFN-y 


+/- 




+/- 


Suppressive mechanism 










Celi contact, interference 
IL-2 production 


IL-10, TGF-p 


TGF-p 




Celi contact, IL-10, TGF-p, 
CTLA-4 (via IDO) 
B7-H1 

perforin/granzyme (human) 
adenosine (human) 


IL-10, TGF-p 


TGF-P 



Table 11-1. Factors That Determine the Immunogenicity and Tolerogenicity of Protein Antigens 



Factor 


Factors that favor stìmulation 
ot immune responses 


Factors that 
favor tolerance 


Amount 


Optimal doses vary for 
different antigens 


High doses 


Persistence 


Short lived (eliminated by 
immune responso) 


Prolonged 


Portai of entry; location 


Subcutaneous, intradermal; 
absence from generative organs 


Intravenous, orai; presence 
in generative organs 


Presence of adjuvants 


Antigens with adjuvants: 
stimulate helper T cells 


Antigens without adjuvants: 
nonimmunogenic or tolerogenic 


Properties of antigen- 
presenting cells 


High levels of costimulators 


Low levels of costimulators 
and cytokines 



T regulatory lymphocytes (T reg ): other classes 




Naturai 

regulatory T cel 


CD4- CD25 + FOXP3* 
Tpeg celi 


(TÌ — -(Q^*® 




\i \. Naive CD8+ CD8 + regulatory T celi 
Ihymus CD25-Tcell 


1 


/ /^^\\ (torelgn or self) f/^^^\ 

(0~ — 'v® 

Naive CD4 + X. T H 3 celi 


s 

1 
! 


CD25-Tcell \ 

^@ 


1 


Nature Reviews | Immunology 


Mills. Nature Rev. Immunol.. 2004. 



Main mechanisms of actions of nTreg and aTreg 




Tang and Bluestone, Nat. Immunol., 2008. 



Central B-Cell Tolerance 

• Immature B-cell interact strongly with self- 
Ag in bone marrow 

-either killed (negative selection) or change 
receptor specificity (receptor editing) 

• Negative selection - similar to T-cell 
negative selection 

- remove cells that have high affinity receptor to 
abundant and widely expressed celi 
membrane or soluble self-Ag 
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• B celi may reactivate Ig gene 
recombination machinery and make a 
new Ig light chain (Vk VÀ) - unites 
with originai heavy chain with a new 
receptor for a different Ag 

-called Receptor Editing NOT isotype 
switching 

• Not sure how many undergo with RE 
mechanism or why 1 or the other is used 



B-Cell Negativ e Selectio n 



High-avidity self Low-avidity self 

antigen recognition antigen recognition 




Peripheral B-Cell Tolerance 

• Mature B-cell encounter high 
concentration of self-Ag in peripheral 
lymphoid tissue - become anergic and 
cannot respond to that self-Ag 

• B-cell recognize Ag and do not receive T- 
cell help (absent or tolerant) - B-cell 
becomes anergic 

-T-cell independent Ag activate B-cells when 
signal is strong enough 

• B-cells that are anergic - leave follicle and 
can't return - may die because not 
receiving survival signals 



Peripheral Tolerance (T help required) 



High-avidity self Self antigen recognition 

antigen recognition (low or high avidity) 




• Decreased BAFF-dependent survival signals -> mitochondrial apoptosis 

• Fas-FasL interaction 

• Expression of inhibitory receptors 



Inhibition by Antibody Feedback 

Passively administered antibody can prevent an 
antibody response 

Antibody produced during an immune responses 
leads to elimination of antigen (stimulus) 
-Less antigen available to stimulate specific 
cells 

-Immune complexes can bind to inhibitory 
receptors 

Application: RhoGam for Erythroblastosis 
Fetalis 



Regolazione negativa dell'attivazione dei linfociti B 



Secreted antibody 
forms complex 
with antigen 



Antigen-antibody 
complex binds to 
B celi Ig and 
Fc receptor 



Fc receptor-associ. 
phosphatase. SHIP. 
converte PIP3 to PIP2 
in B cell-receptor 
complex 
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Anti-ldiotypes and Immune 
Regulation 

Definition 

- anti-idiotype response-antibody produced 
against immunoglobulin or TCR idiotypes 
that serve to down-regulate immune 
response 

- The epitope for an responsive anti-idiotype 
molecule (antibody, BCR, or TCR) is the 
internai image formed by the CDR region 
of the respective epitopes antigen receptor 



Idiotype/Anti-idiotype network 



Ab 2p 


Ab, 






ANTI-IDIOTYPE (internai image) 


IDIOTYPE 


ANTI-IDIOTYPE 


ANTI-ANTI-IDIOTYPE 




9 



